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SEMICONDUCTOR WAFER PREHEATING 

BACKGROUND OF INVENTION 
Field of Invention 

[0001] The present invention generally relates to a method, article of 
manufacture, and apparatus for processing wafers in a semiconductor wafer 
processing system. More particularly, the present invention provides a processing 
sequence in which wafers are at least partially preheated in transition chambers in a 
semiconductor wafer processing system. 

Description of the Related Art 

[0002] Semiconductor wafer processing systems comprising an integrated unit 
which contains multiple processing chambers are well known in the art. The 
integrated unit reduces contamination in the system components and increases the 
throughput of the system. An example of a semiconductor wafer processing sytem 
with such a unit is the Endura® platform available from Applied Materials, Inc. of 
Santa Clara, California. The Endura® platform has a pre-metallization cluster with 
chambers in which wafers are entered, oriented, degassed, sputter cleaned, and 
cooled and at least one metallization cluster of processing chambers wherein metal 
deposition is performed. The pre-metallization and metallization clusters are 
connected by transition or pass-through chambers. 

[0003] Typically, the only components of an integrated unit of a semiconductor 
wafer processing system that are vented to the atmosphere during processing are 
wafer load locks through which wafers enter and exit from the system. Single or 
batch wafer load locks can be used. Single wafer load locks are small and deliver 
one or two wafers to the system, while batch wafer load locks are larger and deliver 
more wafers. Single wafer load locks are often preferred because their smaller 
volumes do not require as much time to transition to the desired vacuum pressure 
from atmospheric pressure as batch wafer load locks. 



2 



PATENT 

Attorney Docket No.: AMAT/5908/CPI/AL WIRE/PJS 
Express Mail No. EL849164562US 

[0004] Wafer load locks which can perform required pre-processing and post- 
processing steps on wafers have been developed. For example, a single wafer load 
lock can include a heating element to preheat a wafer before further processing. 
Preheating may also be used to degas a wafer, i.e., remove contaminants from the 
wafer surface. Other pre-processing cleaning may also be performed in the load 
lock. A single wafer load lock can also function as a cool-down chamber to cool a 
wafer that has been treated in a processing chamber. Including pre- and post- 
processing functions in single wafer load locks eliminates the need for separate pre- 
and post-processing chambers and reduces the time required to transfer a wafer 
into and out of such chambers. 

[0005] An important aspect in the processing of wafers in a semiconductor wafer 
processing system is the number of wafers that pass through the system in a certain 
amount of time, which is called the throughput of the system. While wafer load locks 
with pre- and post-processing functions have improved the throughput of 
semiconductor wafer processing systems such as the Endura® platform, greater 
increases in throughput are desired. In some cases, the slowest step in the 
integrated unit of a semiconductor wafer processing system is the pre-processing 
step in the single wafer load lock. Thus, a method and apparatus for faster pre- 
processing is needed. 

SUMMARY OF THE INVENTION 

[0006] The present invention provides a method, article of manufacture, and 
apparatus for processing a wafer in a semiconductor wafer processing system. The 
method for processing a wafer includes partially preheating a wafer in a load lock 
and partially pre-heating a wafer in a transition chamber. More particularly, the 
method for processing a wafer comprises introducing a wafer into a first load lock, 
partially preheating the wafer in the load lock, transferring the wafer into a transition 
chamber, and partially preheating the wafer in the transition chamber. The method 
may further comprise transferring the wafer into a processing chamber, performing a 
processing step on the wafer in the processing chamber, and transferring the wafer 
into a second load lock, wherein the first load lock is either the same or a different 
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load lock than the first load lock. The wafer may be transferred into and processed 
in multiple processing chambers before the wafer is transferred into the second load 
lock. The wafer may also be transferred into a second transition chamber after it is 
processed and before it is transferred into the second load lock. In one or more 
embodiments the wafer may be processed in one or more processing chambers and 
then transferred into the second load lock via the second transition chamber. 
Further, the wafer may be transferred between the one or more processing 
chambers via the second transition chamber. 

[0007] In one or more embodiments, the wafer is partially preheated in a load 
lock by a lamp and then partially preheated in a transition chamber by a lamp. In 
another one or more embodiments, the wafer is wafer is partially preheated in a load 
lock by a lamp and then partially preheated in a transition chamber by a resistive 
heater. 

[0008] In one or more embodiments, the wafer is preheated in a processing 
system in which the transition chambers are isolated from the rest of the processing 
system. In another one or more embodiments, the wafer is preheated in a 
processing system in which the transition chambers are un-isolated, i.e., not isolated 
from the rest of the processing system. 

[0009] In one or more embodiments, processing the wafer includes cooling the 
wafer in a transition chamber and/or a load lock. For example, the wafer may be 
cooled in a transition chamber and/or a load lock after the wafer has been treated 
with one or more processing steps. 

[0010] In another aspect, a semiconductor wafer processing system comprises a 
first and second chamber, the first and second chambers each having one or more 
processing chambers attached thereto, a load lock comprising a heating element 
and attached to the first chamber, and two or more transition chambers which 
separate the first and second chambers, the transition chambers each comprising a 
heating element disposed therein. The transition chamber heating element may 
comprise a lamp or a resistive heater. 
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[0011] In another embodiment, the semiconductor wafer processing system 
comprises a chamber having one or more processing chambers attached thereto, a 
load lock comprising a heating element, the load lock being attached to the 
chamber, and two or more transition chambers within the chamber, each transition 
chamber comprising a heating element disposed therein. The transition chamber 
heating element may comprise a lamp. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] So that the manner in which the features of the present invention are 
attained and can be understood in detail, a more particular description of the 
invention, briefly summarized above, may be had by reference to the embodiments 
thereof which are illustrated in the appended drawings. 

[0013] It is to be noted, however, that the appended drawings illustrate only 
typical embodiments of this invention and are therefore not to be considered limiting 
of its scope, for the invention may admit to other equally effective embodiments. 

[0014] Figure 1 is a top schematic view of a multiple chamber semiconductor 
wafer processing system. 

[0015] Figure 2 is a top schematic view of another multiple chamber 
semiconductor wafer processing system. 

[0016] Figure 3 is a cross-sectional, schematic view of a chamber including a 
lamp. 

[0017] Figure 4 is a cross-sectional, schematic view of a chamber including a 
resistive heater. 

[0018] Figure 5 is a cross-sectional, schematic view of a chamber including a 
lamp and a cooling plate. 

[0019] Figure 6 is a computer system according to an embodiment. 
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[0020] Figure 7 is an illustrative flow chart of processes performed by a computer 
system in an embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0021] An example of a multiple chamber semiconductor wafer processing 
system for performing embodiments of the processes described herein is the 
Endura® CL System manufactured by Applied Materials, Inc. of Santa Clara, 
California. Figure 1 depicts a semiconductor wafer processing system 100 that is 
similar to an Endura® CL System, but has modified transition chambers 102 and 
104 that contain heating elements 105. The system 100 also comprises a transfer 
chamber 106, a buffer chamber 108, single wafer load locks 110 and 112, 
processing chambers 114, 116, 118, 120, 122, and 124, preheating chambers 123 
and 125, and robots 126 and 128. The single wafer load locks 1 10 and 1 12 contain 
heating elements 113 and are attached to the buffer chamber 108. Processing 
chambers 114, 116, 118, and 120 are attached to transfer chamber 106. 
Processing chambers 122 and 124 are attached to buffer chamber 108. The 
operation of the system 100 is controlled by a computer system 130. The computer 
system 130 may be any device or combination of devices configured to implement 
the inventive operations provided herein. As such, the computer system 130 may 
be a controller or array of controllers and/or a general purpose computer configured 
with software which, when executed, performs the inventive operations. 

[0022] Figure 2 depicts another example of a multiple chamber semiconductor 
wafer processing system 200 for performing embodiments of the processes 
described herein. Figure 2 shows a version of the Endura® SL System 
manufactured by Applied Materials, Inc. of Santa Clara, California with modified 
transition chambers 202 and 204 that contain heating elements 205. The tool 200 
also comprises a transfer chamber 206, single wafer load locks 210 and 212, 
processing chambers 214, 216, 218, 220, 222, and 224, and robots 226 and 228. 
The single wafer load locks 210 and 212 contain heating elements 213 and are 
attached to the transfer chamber 206. Processing chambers 214, 216, 218, 220, 
222, and 224 are attached to transfer chamber 206. The operation of the system 
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200 is controlled by a computer system 130 similar or identical to the computer 
system shown for the system 100. 

[0023] In the embodiments of semiconductor wafer processing systems and 
wafer processing sequences described herein, the load locks shown and used are 
single wafer load locks. However, other types of load locks may be used in any or 
all of the embodiments described herein. 

[0024] In one or more embodiments, the transition chambers 102, 104, 202, 204 
and/or the single wafer load locks 1 10, 1 12 , 210, 212 include a heating element, 
such as a lamp which performs a lamp preheat. Figure 3 shows a cross-section of 
an example of a chamber 302 including a lamp 340. The chamber 302 may be 
representative of a transition chamber and/or a single wafer load lock. Illustratively, 
the chamber 302 also includes a first wafer holder 344 and a second wafer holder 
346, positionable below the lamp 340. The lamp 340 is disposed in lamp module 
341 containing the lamp wiring for providing electricity (not shown) and may be 
separated from the body 343 of the chamber 302, e.g., by a quartz window (not 
shown). The lamp 340 has bulbs 342 which emit heat that can degas a wafer (not 
shown) in the first wafer holder 344. While one wafer is being preheated in the first 
wafer holder 344, another wafer (not shown) may be positioned on or removed from 
the second wafer holder 346 of the chamber 302. 

[0025] In another embodiment, the transition chambers 102, 104, 202, 204 
and/or the single wafer load locks 110, 112 , 210, 212 include a resistive heater 
which performs the preheating. Figure 4 shows a cross-section of an example of a 
chamber 304 including a resistive heater 350, which is in the form of a heated 
pedestal. The chamber 304 may be representative of a transition chamber and/or a 
single wafer load lock. The chamber 304 also includes a wafer holder 352. A wafer 
(not shown) may be degassed by the heated resistive heater 350 in the presence of 
a few Torr of back filled inert gas, such as argon gas. 

[0026] In another embodiment, the transition chambers 102, 104, 202, 204 
and/or the single wafer load locks 110, 112 , 210, 212 include a lamp and a cooling 
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plate. Figure 5 shows a cross-section of an example of a chamber 306 including 
both a lamp 340 and a cooling plate 348, and two wafer holders, 344 and 346. The 
chamber 306 may be representative of a transition chamber and/or a single wafer 
load lock. The lamp 340 is located in a position similar to that shown in Figure 3, 
and the cooling plate 348 is located in a position similar to the position of the 
resistive heater 350 shown in Figure 4. The lamp 340 is disposed in lamp module 
341 containing the lamp wiring for providing electricity (not shown) and is separated 
from the body 343 of the chamber 306, e.g., by a quartz window (not shown). The 
lamp 340 has bulbs 342 which emit heat that can degas a wafer (not shown) in the 
wafer holder. The bottom wafer holder 346, i.e., the wafer holder closest to the 
cooling plate 348, can be used to hold a wafer that is being cooled by the cooling 
plate 348. The top wafer holder 344, i.e., the wafer holder closest to the lamp 340, 
can be used to hold a wafer that is being degassed by the lamp 340. 

[0027] Figure 6 shows one embodiment of the computer system 130. 
Illustratively, the computer system 130 includes a system bus 131, at least one 
processor 133 coupled to the system bus 131. The computer system 130 also 
includes an input device 144 coupled to system bus 131 via an input interface 146, a 
storage device 134 coupled to system bus 131 via a mass storage interface 132, a 
terminal 138 coupled to system bus 131 via a terminal interface 136, and a plurality 
of networked devices 142 coupled to system bus 131 via a network interface 140. 

[0028] Terminal 138 is any display device such as a cathode ray tube (CRT) or a 
plasma screen. Terminal 138 and networked devices 142 may be desktop or PC- 
based computers, workstations, network terminals, or other networked computer 
systems. Input device 144 can be any device to give input to the computer system 
130. For example, a keyboard, keypad, light pen, touch screen, button, mouse, 
track ball, or speech recognition unit could be used. Further, although shown 
separately from the input device, the terminal 138 and input device 144 could be 
combined. For example, a display screen with an integrated touch screen, a display 
with an integrated keyboard or a speech recognition unit combined with a text 
speech converter could be used. 
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[0029] Storage device 134 is DASD (Direct Access Storage Device), although it 
could be any other storage such as floppy disc drives or optical storage. Although 
storage 134 is shown as a single unit, it could be any combination of fixed and/or 
removable storage devices, such as fixed disc drives, floppy disc drives, tape drives, 
removable memory cards, or optical storage. Main memory 150 and storage device 
134 could be part of one virtual address space spanning multiple primary and 
secondary storage devices. 

[0030] The contents of main memory 150 can be loaded from and stored to the 
storage device 134 as processor 133 has a need for it. Main memory 150 is any 
memory device sufficiently large to hold the necessary programming and data 
structures of the invention. The main memory 150 could be one or a combination of 
memory devices, including random access memory (RAM), non-volatile or backup 
memory such as programmable or flash memory or read-only memory (ROM). The 
main memory 150 may be physically located in another part of the computer system 
130. While main memory 150 is shown as a single entity, it should be understood 
that memory 150 may in fact comprise a plurality of modules, and that main memory 
150 may exist at multiple levels, from high speed registers and caches to lower 
speed but larger DRAM chips. 

[0031] In general, the routines executed to implement the embodiments of the 
invention may be implemented as part of an operating system or a specific 
application, component, program, object, module or sequence of instructions and 
may be generally referred to as a "program". The inventive program typically 
comprises one or more instructions that are resident at various times in various 
memory and storage devices in a computer, and that, when read and executed by 
one or more processors in a computer, cause that computer to perform the steps 
necessary to execute steps or elements embodying the various aspects of the 
invention. 

[0032] In addition, various programs and devices described hereinafter may be 
identified based upon the application for which they are implemented in a specific 
embodiment of the invention. However, it should be appreciated that any particular 
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program or device nomenclature that follows is used merely for convenience, and 
the invention is not limited to use solely in any specific application identified and/or 
implied by such nomenclature. 

[0033] Moreover, while some embodiments have and hereinafter will be 
described in the context of fully functioning computers and computer systems, those 
skilled in the art will appreciate that the various embodiments of the invention are 
capable of being distributed as a program product in a variety of forms, and that 
embodiments of the invention apply equally regardless of the particular type of 
signal bearing media used to actually carry out the distribution. Examples of signal 
bearing media (also referred to herein as computer readable medium) include, but 
are not limited to, recordable type media such as volatile and nonvolatile memory 
devices, floppy and other removable disks, hard disk drives, optical disks (e.g., CD- 
ROMs, DVDs, etc.), controllers and transmission type media such as digital and 
analog communication links. Transmission type media include information 
conveyed to a computer by a communications medium, such as through a computer 
or telephone network, and includes wireless communications. The latter 
embodiment specifically includes information downloaded from the Internet and 
other networks. Such signal-bearing media, when carrying computer-readable 
instructions that direct the functions of the present invention, represent embodiments 
of the present invention. 

[0034] Figure 7 is an illustrative flow chart of processes performed by the 
computer system 130 in an embodiment. A wafer is introduced into a load lock in 
step 760. The wafer is partially preheated in the load lock in step 762. The wafer is 
transferred into a transition chamber in step 764. The wafer is partially preheated in 
the transition chamber in step 766. The wafer is transferred into a processing 
chamber in step 768. A processing step is performed on the wafer in the processing 
chamber in step 770. The wafer is transferred into a load lock in step 772. In 
another embodiment, the computer system 130 performs the processes described in 
steps 760, 762, 764, and 766. These processes and other processes that may be 
performed by the computer system 1 30 are described in more detail below. 
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[0035] Generally, the wafer processing sequences described herein include the 
steps of partially pre-processing a wafer in a load lock of a semiconductor 
processing system and partially pre-processing the wafer in a transition chamber of 
a semiconductor wafer processing system. By moving part of the pre-processing 
procedure to the transition chambers from the load locks or separate pre-processing 
chambers, the throughput of a semiconductor wafer processing system can be 
increased. For example, if complete pre-processing of a wafer takes two minutes in 
a load lock, while the maximum time for any other step in the wafer processing 
system is less than two minutes, pre-processing is the throughput-limiting step. 
According to one particular embodiment, however, the wafer is pre-processed for 
about one minute in a load lock and for about one minute in a transition chamber. 
The throughput of the system will be approximately doubled since wafers will be 
passed through the load lock at approximately twice the rate at which they are 
passed through when they spend two minutes in the load lock. 

[0036] In one or more embodiments, a wafer is introduced into a single wafer 
load lock 1 10 or 1 12 of system 100. The single wafer load locks 110 and 1 12 may 
include a heating element 113, such as a lamp or a resistive heater, and they may 
also include other cleaning systems or a cooling plate (not shown). The load lock 
1 10 or 1 12 is closed and a vacuum is created within the load lock 1 10 or 1 12. The 
wafer is then partially preheated such as by heating the load lock 110 or 1 12 with a 
lamp. The partially preheated wafer is transferred by a robot 126 to transition 
chamber 102 or 104. The rest of the preheating procedure is performed in the 
transition chamber 102 or 104. Thus, if it is desired to degas a wafer, it may be 
partially degassed in a single wafer load lock and partially degassed in a transition 
chamber. The transition chambers 102 and 104 are modified transition chambers 
which have heating elements 105 for preheating. 

[0037] In one aspect, preheating in a single wafer load lock and a transition 
chamber by using a lamp is preferred because, unlike a preheating by a resistive 
heater, a preheating by a lamp can be performed in a vacuum. Thus, extra gas fill 
and pumping time is not required when using a lamp for preheating in the single 
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wafer load lock or the transition chamber. In another aspect, if time and throughput 
are not a primary consideration, a preheating by a resistive heater in a transition 
chamber may provide a more predictable and consistent preheating than a 
preheating performed by a lamp because a preheating by a resistive heater is not 
subject to reflection from the wafer substrate, and thus, not subject to the loss of 
radiation and heat that can occur with a lamp preheating. 

[0038] In one or more embodiments, after the preheating in the transition 
chamber 102 or 104, the wafer is transferred by a robot 128 to a processing 
chamber 114, 116, 118, or 120 that is attached to the transfer chamber 106. The 
wafer undergoes a processing step that is determined by the type of processing 
chamber the wafer is placed in. For example, processing chamber 1 1 4 can be a 
chemical vapor deposition chamber in which the wafer is treated with chemical 
vapor deposition. In one or more embodiments, the wafer is then transferred by the 
robot 128 from one of the processing chambers, e.g., 114, attached to the transfer 
chamber 106, to one or more of the processing chambers 116, 118, or 120 for 
further processing before the wafer is either transferred by the robot 128 to one of 
the transition chambers 102 or 104 or the wafer is transferred to one of the single 
wafer load locks 110, 112. In one or more other embodiments, the wafer is 
transferred either by the robot 128 from one of the processing chambers, e.g., 114, 
to one of the transition chambers 1 02 or 1 04, or the wafer is transferred to one of the 
single wafer load locks 110, 112. 

[0039] In one or more other embodiments, after the preheating in the transition 
chamber 102 or 104, the wafer is transferred by a robot 126 to a processing 
chamber 122 or 124 that is attached to the buffer chamber 108. The wafer 
undergoes a processing step that is determined by the type of processing chamber 
the wafer is placed in. In one embodiment, the wafer is then transferred by the robot 
126 from one of the processing chambers, e.g., 122, attached to the buffer chamber 
108, to another processing chamber 124 for further processing before the wafer is 
transferred to one of the single wafer load locks 1 10, 1 12. In another embodiment, 
the wafer is transferred by the robot 126 from the processing chamber 122 to one of 
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the single wafer load locks 1 10, 1 12. In one embodiment, the single wafer load lock 
includes a cooling plate. The wafer can be cooled in the single wafer load lock 
including a cooling plate. In one or more other embodiments, the wafer is 
transferred by a robot 126 from the transition chamber 102 or 104 to a single wafer 
load lock 110 or 112. As described above, the single wafer load lock 110 or 112 
may include a cooling plate, and the wafer may be cooled on the cooling plate. 

[0040] In one or more embodiments in which the wafer is passed through the 
transition chamber 102 or 104 after a processing step, the wafer is passed through 
the transition chamber 1 02 or 1 04 without being treated in any way in the transition 
chamber. In another embodiment, the wafer is cooled in a transition chamber 1 02 or 
104 which has a cooling plate. 

[0041] In one or more embodiments in which the wafer is passed through the 
transition chamber 102 or 104 after a processing step, the wafer is transferred by a 
robot 126 from the transition chamber 102 or 104 to one or more of the processing 
chambers 122 or 124 attached to the buffer chamber 108, for further processing 
before it is transferred to a single wafer load lock 1 10 or 1 12. 

[0042] In one or more embodiments using system 200 of Figure 2, a wafer is 
introduced into a single wafer load lock 210 or 212 of system 200. The single wafer 
load locks 210 and 212 may include a heating element 213, such as a lamp, and 
they may also include a cooling plate (not shown). The load lock 210 or 212 is 
closed and a vacuum is created within the load lock 210 or 212. The wafer is then 
partially preheated by heating the load lock 210 or 212 with a lamp. The partially 
preheated wafer is transferred by a robot 226 to transition chamber 202 or 204. The 
rest of the preheating procedure is performed in the transition chamber 202 or 204. 
Thus, the wafer is partially preheated in a single wafer load lock and partially 
preheated in a transition chamber. The transition chambers 202 and 204 are 
modified transition chambers, which each include a heating element 205, such as a 
lamp which performs a lamp preheating. In one embodiment, the configuration of 
the lamps in transition chambers 202 and 204 is similar to the configuration of the 
lamp 340 shown in Figure 3. 
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[0043] Unlike transition chambers 102 and 104 of Figure 1, which are isolated 
from the transfer and buffer chambers 106 and 108, respectively, transition 
chambers 202 and 204 are not isolated from the transfer chamber 206. As defined 
herein, an "isolated" transition chamber is a transition chamber that can be 
controlled to have environmental conditions, such as temperature and pressure, 
which are different than the conditions in the transfer and/or buffer chambers which 
may be present in the integrated processing system in which the transition chamber 
is located. As defined herein, an "un-isolated" transition chamber is a transition 
chamber that cannot be controlled to have environmental conditions, such as 
temperature and pressure, which are different than the conditions in the transfer 
and/or buffer chambers which may be present in the integrated processing system in 
which the transition chamber is located. As the pressure required for a resistive 
heater preheating, typically about 3 or 4 Torr, is quite different from the typical 
transfer chamber pressure of about 10" 7 to about 10" 9 Torr, it may not be practical to 
use a resistive heater in transition chambers 202 and 204. 

[0044] In one or more embodiments, after the preheating in the transition 
chamber 202 or 204, the wafer is transferred by a robot 228 to a processing 
chamber 214, 216, 218, or 220 that is attached to the transfer chamber 206. The 
wafer undergoes a processing step that is determined by the type of processing 
chamber the wafer is placed in. For example, processing chamber 214 can be a 
physical vapor deposition chamber in which the wafer is treated with physical vapor 
deposition. In one or more embodiments, the wafer is then transferred by the robot 
228 from one of the processing chambers, e.g., 214, to one or more of the 
processing chambers 216, 218, or 220 for further processing before the wafer is 
either transferred by the robot 228 to one of the transition chambers 202 or 204 or 
the wafer is transferred to one of the single wafer load locks 210, 212. In one or 
more other embodiments, the wafer is either transferred by the robot 228 from one 
of the processing chambers, e.g., 214, to one of the transition chambers 202 or 204, 
or the wafer is transferred to one of the single wafer load locks 210, 212. 
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[0045] In one or more other embodiments, after the preheating in the transition 
chamber 202 or 204, the wafer is transferred by a robot 336 to a processing 
chamber 222 or 224 that is attached to a transfer chamber 206. The wafer 
undergoes a processing step that is determined by the type of processing chamber 
the wafer is placed in. In one or more embodiments, the wafer is then transferred by 
the robot 226 from one of the processing chambers, e.g., 22, attached to the transfer 
chamber 206, to another processing chamber 224 for further processing before the 
wafer is transferred to one of the single wafer load locks 21 0, 212. In another one or 
more embodiments, the wafer is transferred by the robot 226 from the processing 
chamber 222 to one of the single wafer load locks 210, 212. 

[0046] In one or more embodiments in which the wafer is passed through the 
transition chamber 202 or 204 after a processing step, the wafer is transferred by a 
robot 226 from the transition chamber 202 or 204 to one or more of the processing 
chambers 222 or 224 before it is transferred to a single wafer load lock 210 or 212. 
In one or more embodiments, the single wafer load lock includes a cooling plate. 
The wafer can be cooled in the single wafer load lock including a cooling plate. In 
one or more other embodiments, the wafer is transferred by a robot 226 from the 
transition chamber 202 or 204 to a single wafer load lock 210 or 212. As described 
above, the single wafer load lock may include a cooling plate, and the wafer may be 
cooled on the cooling plate. 

[0047] In each of the above described methods in which a wafer is transferred 
through a transition chamber twice, the wafer may be transferred either through the 
same transition chamber twice or through two different transition chambers. For 
example, a wafer that is processed in the system shown in Figure 1 may be 
transferred once through chamber 102 and later through chamber 104. 
Alternatively, a wafer that is processed in the system shown in Figure 1 may be 
transferred once through chamber 104 and later through chamber 102. 
Alternatively, a wafer that is processed in the system shown in Figure 1 may be 
transferred once through chamber 102 and later through chamber 102 or transferred 
once through chamber 104 and later through chamber 104. 
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[0048] Similarly, in each of the above described methods in which a wafer is 
introduced into and transferred into a single wafer load lock, the wafer may be 
introduced and transferred into either the same single wafer load lock or a different 
single wafer load lock. 

[0049] While the foregoing is directed to embodiments of the present invention, 
other and further embodiments of the invention may be devised without departing 
from the basic scope thereof, and the scope thereof is determined by the claims that 
follow. 
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